The grooming behaviors of the Hawaiian river shrimp, Macrobrachium grandimanus (Caridea: Palaemonidae), are examined in this study. This species has a dense aggregation of setae (termed the ''setal patch'') located on the major second cheliped. The function of this setal patch is unknown but hypothesized to be utilized in grooming activities. The grooming behaviors were documented in terms of appendages used to groom, groomed body areas, type of grooming behavior (pick, brush, or scrape) and a time budget for grooming. The most frequently used grooming appendages are the third maxillipeds and first pereiopods, while the most frequently groomed body region is the antennules. The most frequently used grooming behavior is a scraping action; the body region groomed for the longest amount of time is the branchiostegite (gill cover) region where the gill chamber is located. The time budget for grooming was 24.7%, which suggests approximately six hours per day are dedicated to grooming. Multiple statistical analyses of the grooming behaviors of M. grandimanus indicate the setal patch is not associated with grooming either as a grooming appendage, or a groomed body region. Ideas for possible functions of the setal patch are presented.
INTRODUCTION
Grooming is a behavior used to clean the body structures and is exhibited among many animal taxa including mice (Greer and Capecchi, 2002) , primates (Boccia, 1983) , and crustaceans (Bauer, 1977 (Bauer, , 1978 (Bauer, , 1979 (Bauer, , 1981 (Bauer, , 1989 (Bauer, , 1999 (Bauer, , 2002 Schram, 1978, 1979; Martin and Felgenhauer, 1986) . Grooming typically occurs between bouts of rest and activity, and these grooming behaviors can be classified as either an autogroom, in which an animal grooms itself, or an allogroom, in which grooming is a social event (Greer and Capecchi, 2002) . Crustaceans can groom themselves as well as participate in complex social grooms such as occurs at cleaning stations where multiple individuals may groom large predatory fish, sea turtles, or other reef animals, referred to as clients. These crustaceans are feeding off of parasites, necrotic tissue, or mucous layers from the client organism (Cote, 2000) .
Autogrooming in crustaceans is important in removing fouling agents such as sessile and microscopic organisms, sedimentation, and algae from jointed exoskeleton regions, soft organs such as the gills, and critical sensory structures like the antennae (Bauer, 1977 (Bauer, , 1978 (Bauer, , 1979 (Bauer, , 1981 (Bauer, , 1999 (Bauer, , 2002 (Bauer, , 2004 Schram, 1978, 1979; Wortham, 2008) . In particular, the grooming behaviors of caridean shrimp have been analyzed extensively by Bauer (1977 Bauer ( , 1978 Bauer ( , 1979 Bauer ( , 1981 and his research documents that grooming prevents fouling of the inner and outer body surfaces, resulting in increased efficiency of respiration (Bauer, 1979 (Bauer, , 1999 (Bauer, , 2002 , chemoreception (Bauer, 1977 (Bauer, , 1978 , locomotion (Bauer, 1981) , and reproduction (Bauer, 1979) . Many studies have shown that specialized setae on appendages are the specific structures that prevent fouling in crustaceans (Bauer, 1977 (Bauer, , 1978 (Bauer, , 1979 (Bauer, , 1981 (Bauer, , 1989 (Bauer, , 1999 (Bauer, , 2002 Pohle, 1989; Holmquist, 1989; Schram, 1978, 1979) . Bauer (1978 Bauer ( , 1981 Bauer ( , 1989 hypothesized that the activity level and habitat may influence the grooming behaviors of a crustacean and predicted that crustaceans who are active, epibenthic, and exposed to increased environmental stimuli, i.e., sun light and oxygen concentration, are more likely to have high grooming pressures (Bauer 1978 (Bauer , 1989 . Bouts of activity may increase the grooming pressures due to exposure to fouling agents such as algae, sedimentation, and sessile and microscopic organisms (Bauer, 1981 (Bauer, , 1989 . Sunlight may also increase grooming pressures due to higher photosynthetic growth (Bauer, 1978 (Bauer, , 1981 (Bauer, , 1989 . We would predict crustaceans that live in an environment with high grooming pressures and high activity bouts tend to have a greater need to groom and therefore have increased grooming behaviors, appendages, and structures.
Many caridean shrimp of the genus Macrobrachium exhibit an amphidromous migratory cycle in which adult females swim from their freshwater habitat to a marine environment where they release larvae (Bauer and Delahoussaye, 2008; Bowles et al., 2000; Olivier and Bauer, 2010) . This migratory cycle between changing JOURNAL OF CRUSTACEAN BIOLOGY, 31(4): 617-622, 2011 environments and salinities may increase the grooming pressures experienced by species of Macrobrachium due to increased exposure to euryhaline fouling agents such as sessile organisms, sedimentation, and algae that are suspended in the water column. The adults are exposed to the fouling agents in both freshwater and marine environments and therefore may have a high need for grooming (Shokita, 1985) .
The grooming behaviors of the Hawaiian river shrimp, Macrobrachium grandimanus (Randall, 1840) , were studied; this is a species that may be endemic to the freshwater system of the Hawaiian Islands and exhibits an amphidromous life cycle (Shokita, 1985) . We predict that M. grandimanus has high grooming pressures because the amphidromous life cycle may increase the grooming pressures on individuals due to the typically high rainfall in the Hawaiian Islands, which then leads to periodic flooding of the river systems (Brasher, 2003) . Heavy rainfall increases the velocity of water and sedimentation flowing through the rivers and streams, which may increase the fouling of the gills as seen in the crayfish Procambarus clarkii (Girard, 1852) (cf. Bauer, 2002; Brasher, 2003) . The streams and rivers of the Hawaiian Islands have also been altered by urbanization and water diversion that ultimately affect the flow of water and sedimentation, which may increase grooming pressures in this habitat (Brasher, 2003) .
An exceptional feature of M. grandimanus is the presence of a rare ''setal patch'' located on the major second cheliped (further referred to as chelipeds) which has also been documented in Macrobrachium acanthurus Wiegmann, 1836 (cf. Holthius, 1952 . The setal patch is a dense aggregation of setae located on the chelipeds. The setal patch is located on the palm of the propodus and consists of setae that may serve as a brush to clean other appendages. The function of this setal patch is unknown and hypothesized to be used in grooming behaviors based on its location and structure. Not many shrimp have a setal patch like M. grandimanus and very few species of Macrobrachium exhibit a setal patch, the function of which is also unknown.
The objectives of this study are to: 1) determine if the setal patch of Macrobrachium grandimanus is used as a grooming structure; 2) observe the grooming behaviors, grooming appendages, and frequency of grooming activities of M. grandimanus; and 3) establish a grooming time budget for M. grandimanus, which we predict to be large compared to other crustaceans due to its environment having a high concentration of fouling agents. We hypothesize that the setal patch is utilized in grooming activities.
MATERIALS AND METHODS
Macrobrachium grandimanus was collected in the Wailoa River, Hawaii (which flows into Hilo Bay) by the Hawaii Division of Aquatic Resources and then transported overnight to the University of Tampa in the summers of 2008 and 2009. Live shrimps were held in two 38-L aquaria equipped with filtered, 5 ppt seawater and rocky habitat. Shrimps were not fed on testing days; on non-testing days, they were fed frozen brine shrimp and shrimp pellets. Throughout the study, water temperature ranged from 20u-23uC and shrimps were kept on a 12 hour day/night light cycle.
Grooming Observations
Two behavioral observations (BO) were conducted to study grooming behaviors of M. grandimanus. The overall objective of these observations was to compare the time budgets and to determine if our observations of grooming behaviors were comparable to the overall grooming time budget of the species. Only individuals with all appendages intact were used and placed in isolation. Each shrimp was used in only one behavioral observation. The replicates of all tanks for both behavioral observations had identical salinities, temperature, and sediment.
In BO 1 (N 5 62), all grooming behaviors were recorded during the day for 30-min using a digital voice recording device and later transcribed to data sheets. We recorded the frequency of grooming appendages used, frequency of body regions groomed, type of grooming behavior (pick, brush, or scrape), and the duration of grooming behaviors (in seconds). This data was used to determine if the setal patch was used in grooming, to determine if there are differences in body regions groomed, and to establish a time budget for grooming.
BO 2 (N 5 32) was conducted to determine an overall 24-hour time budget for grooming for both day and night. A 38-L aquarium was separated by a screen, making two separate, equal-size compartments that prevented physical interactions between shrimps. For a continuous 24-hour period, individual shrimps (N 5 32) were observed for the presence or absence of a grooming behavior every 30 minutes. As in BO 1, a grooming time budget was calculated for these observations and represents the shrimp's time budget for grooming in a 24-hour period.
For this study, the data was analyzed to determine if they met the criteria for parametric statistics. If normality assumptions were not met, then nonparametric statistics were used. Along with variability in individual behavior and failure to meet normality, the grooming data was analyzed using non-parametric statistics. The non-parametric statistical tests used include the Kruskal-Wallis test and the Mann-Whitney U test. Regression analyses were also used. Significance was determined by using a predetermined p-value of less than 0.05.
RESULTS

Grooming: Behavioral Observation 1
We observed four grooming appendages, the third maxillipeds (M3), first pereiopods (P1), fifth pereiopods (P5), and major cheliped (MajorC), conducting 6262 grooming behaviors in over 31 hours of observations. The M3 and P1 were used about equally in grooming (Mann-Whitney U, z 5 20.81, P 5 0.42) and were the most frequently used grooming appendages (Mann-Whitney U, z 5 7.98, P , 0.0001; Fig. 1A ). The setal patch is located on the propodus palm of the MajorC, which was never used in feeding and rarely used in grooming (used only six out of 6262 actions; only 0.096% of grooming behaviors involved the MajorC; Fig. 1A ).
The grooming appendages used different actions to groom: scrape, brush, and pick. Scraping behaviors involved the scraping of body regions by the appendages, primarily using the M3 and P5. Brushing behaviors involved the brushing inside the branchial (or gill) chamber and external body surfaces in a circular motion using the setae on the distal portion of P1. Picking behaviors involved the picking of body regions using mostly the chela of P1 and infrequently using the chela of MajorC. The average number of grooms per observation was 94 behaviors/30 minutes. These actions were then broken into the three behaviors types. The scraping behavior was the most frequent grooming action (64% of all behaviors) (Kruskal-Wallis, H 5 109.3, P , 0.0001; Fig. 1B) , followed by brushing behaviors (34%), and the picking behavior (2%) (Mann-Whitney U, z 5 8.22, P , 0.0001; Fig. 1B ). After each grooming behavior, the appendage involved in the action would systematically rub against other appendages, likely dislodging any remaining debris. For example, after an antennule scraping by the P1, it would rub against the M3. This rubbing action was not counted as a grooming action.
Grooming of the body regions in terms of frequency was analyzed. A total of 16 body regions were groomed by one of the four grooming appendages with a tendency to groom anterior regions more frequently. The antennules (A1) were groomed the most often, consisting of 18.13% of all grooming behaviors (Mann-Whitney U, z 5 2.31, P 5 0.021; Fig. 1C ) when compared to the next highest body region, the first pereiopods (P1). The antennule scraping actions were quick, and counted as only one second grooms. Interestingly, the P1, which was one of the most used grooming appendages, is also one of the most groomed body regions (14.05% of all grooms). All other bodily regions were documented as groomed, but not as often as the antennular region. The MajorC with the setal patch was not a frequently groomed region of the body. It was groomed using a picking action, representing only 6.2% of all grooming behaviors. Grooming of the MajorC did not often include grooming of the setal patch (three picks/6262 actions).
The grooming time budget represents the percent of time dedicated to grooming activities. The time budget from BO 1 was an average of 28.7% dedicated to grooming. The average time spent grooming the sixteen body regions is presented in Fig. 1D . The branchiostegal region was groomed for the longest amount of time (Mann-Whitney U, z 5 4.85, P , 0.0001) when compared to the next highest body region, the pleopods. The MajorC body region (which includes the setal patch) was groomed only 3.3% of the time; on average, the setal patch was only groomed for , 1 min in a 30-min observation period.
Grooming: Behavioral Observation 2
The overall 24-hour time budget was 16.9%. The time budgets for BO 2 and BO 1 were not statistically significant (Chi-squared test, x 2 5 3.068, P 5 0.08). Based on the nonsignificance of the time budgets of BO 1 and BO 2, the data were combined to calculate the overall 24-hour time budget for grooming activities, which was 24.7%: thus, in a 24-hr time period, these shrimps groom about six hours.
DISCUSSION
Grooming
One purpose of our grooming study was to report what appendages are used in grooming and what areas of the ) . B, Types of grooming behaviors exhibited (mean 6 SE). C, Frequency of body regions groomed (mean 6 SE), D, Time spent grooming body regions (mean 6 SE). Different letters indicate significant differences among use of appendages, behaviors, and regions. Major C/SP: major cheliped with setal patch, Minor C: minor cheliped, P1: first pereiopods, P5: fifth pereiopods, A1: antennules, A2: second antennae, M3: third maxilliped, Ascale: antennal scale, Outer C: outer carapace, Gill cover: branchiostegite. VAN MAURIK AND WORTHAM: MACROBRACHIUM GROOMING body are groomed with the highest priority in M. grandimanus. We found that the P1 and M3 were the most frequently used appendages. The chelate P1 appendage was the only appendage in M. grandimanus capable of efficiently picking the body; the M3 and P5 appendages are not chelate and the MajorC appendage is likely too cumbersome to be capable of performing the picking action. All the grooming appendages in our study have been regularly documented as grooming structures in crustaceans, especially caridean shrimps (Bauer, 1977 (Bauer, , 1978 (Bauer, , 1979 (Bauer, , 1981 (Bauer, , 1999 (Bauer, , 2002 Schram, 1978, 1979) . For example, the P1 grooming appendage has a specialized brush called the P1 carpal-propodal brush and this brush is designed for specific behaviors including scraping the antennular flagella (Bauer, 1989) . The same four grooming appendages that were utilized in these previous studies were used in our study. Bauer (1989) documented that specialized setae and combs are located on the grooming appendages (maxillipeds and pereiopods) in caridean shrimps, which function in scraping, brushing, or picking areas of the body or other appendages to rid of fouling agents. In our study, scraping behavior was the most commonly exhibited grooming action and was associated with grooming the antennules and general body surfaces (as defined by Bauer, 1989) . The scraping of the M3 against each other after grooming the antennules, termed ''M3 autogrooming,'' appears to dislodge fouling agents from the setae that has accumulated; this action has also been documented in other shrimps (Bauer, 1989) . As seen in M. grandimanus, brushing behaviors were also a common behavior type exhibited by caridean shrimps and the grooming appendages are equipped with tufts of setae that take the form of a brush and scrub areas of the body such as the branchiostegite, removing fouling organisms by trapping them on the setae (Bauer, 1989) . Similar to scraping actions, the appendage involved in the brushing behavior will scrape against itself or another appendage to rid the debris that was removed (Bauer, 1989) . Picking behavior, which was found to be the least common grooming action in M. grandimanus, occurred in regions of articulation in other caridean shrimps, indicating a possible function in locomotion (Bauer, 1989) .
One of the objectives of the grooming study was to determine if one area of the body is groomed more frequently than others, and we hypothesized this region would be the antennules due to their chemosensory importance (Bauer, 1977 (Bauer, , 1978 Gleeson, 1982) . The antennules were found to be the most frequently groomed body region. In other shrimps, especially carideans, this area is groomed most frequently, has less fouling, and has increased sensory reception for activities such as for locating mates and food (Bauer, 1977 (Bauer, , 1981 .
We wanted to determine if one area of the body was groomed for a longer duration of time compared to other regions, and it was hypothesized to be the branchiostegite region, as the gills are located in this area called the branchial chamber. Gill cleaning was documented as the insertion of the P1 inside the gill chamber. This action has been reported in other studies as the grooming inside the branchiostegite region (Bauer, 1979 (Bauer, , 1999 . The branchiostegite was groomed for a large amount of time. The enclosed branchial chamber may trap foreign particles and encourage fouling of the structure, thus resulting in a greater need to groom (Bauer, 1981 (Bauer, , 1989 . It has also been suggested that shrimps that live in environments experiencing low tides or flux of water may be exposed to decreased oxygen content within the water, which can affect respiration (Bauer, 1979) . Macrobrachium grandimanus lives in such an environment where the water can remain very shallow; therefore, this shrimp may experience oxygen stress and it is vital to have efficiently functioning gills that are free of fouling. The other 14 areas of the body were groomed but at a lower frequency and for less time than the antennules and branchiostegite, respectively. The telson may not play as large a role in sensory reception of a caridean shrimps compared to the antennules; hence it was groomed infrequently and for a small time period. Evidence from this and other studies indicates the greatest efforts are dedicated to anterior regions of the body responsible for chemosensory reception, respiration, reproduction, and locomotion (Bauer, 1977 (Bauer, , 1978 (Bauer, , 1979 (Bauer, , 1981 (Bauer, , 1989 .
The final objective of the grooming study was to determine a grooming time budget for M. grandimanus; we predicted it would be highly based on the habitat, activity level and changing environment of the river system in Hawaii. Based on the 24.7% time budget for grooming, M. grandimanus has limited time to perform other actions such as finding a shelter, builing a habitat, maintaining and defending this habitat, resting, searching for a mate, reproducing, and feeding. While most studies have not focused on a time budget for grooming in crustaceans, a few have addressed the amount of time dedicated to grooming activities along with documenting the grooming behaviors [Bauer, 1977 , Heptacarpus pictus (Stimpson, 1871 , caridean shrimp, time budget 27%; Wortham, 2008, stomatopods, time budget 3%] . The previous study by Bauer (1977) found that a caridean shrimp spent approximately the same amount of time grooming as M. grandimanus. This nice match indicates other carideans may be capable of similar time budgets for grooming. Stomatopods have fewer grooming appendages and external gills not enclosed in a chamber which may lead to them having lower grooming actions. These represent the time budget for active grooming and do not incorporate the time spent passively grooming (Pohle, 1989) . Other caridean shrimps exhibit the same grooming behaviors and appendages as M. grandimanus, but M. grandimanus has a higher time budget for grooming, most likely due to its environment (Bauer, 1977 (Bauer, , 1978 (Bauer, , 1979 (Bauer, , 1981 .
The grooming time budget for M. grandimanus is large most likely due to its epibenthic habitat, life cycle and overall activity level. Macrobrachium grandimanus can be considered a relatively active species when compared to other caridean shrimp. Several environmental factors increase the need for grooming such as increased water velocity and oxygen content, which may lead to higher photosynthetic capabilities of fouling agents such as algae (Brasher, 2003) ; increased suspended particulate matter from flooding can clog the respiratory structures, impede movement by wedging in the jointed appendages, and cover sensory organs such as the eyes and antennules (Bauer, 1981) ; and swimming activities due to migration can result in increased exposure to fouling agents in both freshwater and marine environments (Bauer, 1989) . Thus, we suggest that these factors contribute to the overall high grooming pressures for M. grandimanus. It is also reasonable to believe that members of the genus Macrobrachium, which exhibit a similar migration as M. grandimanus, may experience higher than normal grooming pressures than other caridean shrimp (Bauer, 1989; Bauer and Delahoussaye, 2008) . Grooming behaviors and time dedicated to grooming may be influenced more by the change in environment than the change of habitat. The number of groomed body regions and grooming appendages could be a good predictor for a grooming time budget. If many grooming behaviors are observed, it may be reasonable to predict there are high grooming pressures.
Setal Patch
The setal patch located on the MajorC appendage was predicted to be a grooming structure and a frequently groomed body region. We found no supporting data that the function of the setal patch is related to grooming. Only one other species of Macrobrachium is known to have a setal patch-like structure on the chelipeds: Macrobrachium acanthurus (Wiegmann, 1836) (cf. Bowles et al., 2000) . This species is known to have a cluster of setae located on one cheliped, similar to M. grandimanus, but the function is also unknown. Other crustaceans are known to have clusters of setae located on the cheliped. For example, male crayfish, Austropotamobius torrentium (Schrank, 1803) , have chela with setae that function in chemosensory reception and detect female hormones in the water signaling that she is ready to mate (Altner et al., 1983) . The crabs Pilumnus sp., Cardisoma guanhumi Latereille, 1828, and Gecarcinus lateralis (Fréminville, 1835) are also known to have setal patches on the chelipeds that may be used for sensory input (Evoy, 1973) .
While we did not investigate the use of the setal patch for sensory input, we hypothesize it to be used in agonistic interactions with the setal patch used to signal dominance. Males may compete for dominance by a visual display or jousting with other males for access to females, which has been observed in the caridean Rhynchocinetes typus Milne Edwards, 1837 (Correa et al., 2003; Diaz and Thiel, 2004) . The males who are dominant gain access to the highest quality females and therefore have a higher reproductive advantage.
